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Abstract
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of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 9861

This paper examines the relationship between urban 
agglomeration and firm innovation using a recently devel-
oped dataset that consistently measures city boundaries 
across Asia together with geo-referenced firm-level data. It 
finds that the spatial distribution of innovation by firms 
is highly concentrated within countries. Further, firms in 
larger cities have substantially higher propensities to intro-
duce product and process innovations and undertake R&D 

activities, a result that holds for subgroups of countries and 
even when the largest cities are excluded from the analysis. 
Finally, the presence of high quality universities and highly 
ranked engineering departments in cities is positively associ-
ated with firm innovation, lending support to the idea that 
the accumulation of human capital locally is a key channel 
through which urban agglomeration affects innovation.

This paper is has been accepted for publication in the World Bank Economic Review. It is part of a larger effort by the World 
Bank to provide open access to its research and make a contribution to development policy discussions around the world. 
Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The authors may be 
contacted atlimingchen@adb.org, rhasan@adb.org, and yijiang@adb.org.
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1. Introduction 

Innovation undertaken by firms is regarded as a significant contributor to long-term 
economic growth in both theory and in practice (see, for example, Romer 1986).  One issue that 
has attracted considerable attention of researchers is on the geographical distribution of firm-
level innovation within countries. A large body of evidence from the developed world shows that 
innovative activities, such as R&D and patenting tend to be more concentrated spatially than 
production. This pattern has raised various questions, such as whether urban agglomerations play 
a special role in fostering innovation by firms, and if so, what channels are at work. While 
evidence on these questions is growing, most of it has been obtained from the developed world. 
For developing countries, there is a lack of systematic evidence on the spatial distribution of 
firms’ innovation-related activities and whether and how urban agglomeration affects 
innovation.2   

This paper attempts to fill this gap by utilizing geo-referenced firm-level data from World 
Bank Enterprise Surveys (WBES) conducted in 25 developing Asian economies from 2012 to 
2016 and a recently developed dataset that uses nighttime lights (NTL) imagery to consistently 
measure city boundaries across Asia (Jiang, 2021).  In addition to production related data, the 
WBES collects information on firms’ innovation related activities—specifically, whether 
surveyed firms introduced any product and process innovations and invested in research and 
development (R&D). As regards our city-level dataset, its urban units are referred to as “natural 
cities” to distinguish them from administratively defined cities. In comparison with the latter, 
natural cities are consistently defined and measured across countries. They are also more likely 
to capture the actual economic “footprint” of a city than its administrative boundaries would 
suggest. By mapping WBES firms onto the natural city dataset, the relationship between firm 
innovation and urban agglomeration in developing Asia can be examined.  Further, an 
international ranking of universities and academic disciplines or major fields of study is utilized 
to investigate whether the presence of high-quality universities has any bearing on firm 
innovation.  

This paper finds that innovative activity by firms is concentrated spatially within several 
large Asian countries. The share of firms that innovate in just a few cities is substantially greater 
than the share of urban population these cities account for. Further, the data shows that the 
population size of a natural city is strongly correlated with the propensity of firms in the city to 
engage in innovative activities. Specifically, the estimates suggest that larger city size is 
significantly associated with increases in the propensity of firms to introduce product and 
process innovations and undertake R&D. A doubling of city size is associated with increases in 
firms’ propensity to engage in product innovation, process innovation, and R&D by 4.3, 3.7, and 
2.8 percentage points, respectively, or by 13.5%, 8.5%, and 14.3% against the respective 
benchmark propensities. Since the biggest natural city is much larger than the smallest one in the 
data, the effects of agglomeration on firm innovation can be quite large.   

 
2 Most research from the developing world focuses on agglomeration effects concerning labor and firm productivity. 
Duranton (2008), Overman and Venables (2005), Henderson (2005), and Duranton (2014) provided detailed review 
of this research.  
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This paper also explores possible heterogeneity in agglomeration effects by the development 
level of countries and between countries and subregions with distinct historical and institutional 
backgrounds. The results show that agglomeration effects on firm innovation are prevalent 
across developing Asia; they are present in both upper-middle income and low and lower-middle 
income country groups, as well as in China, India and Southeast Asian countries, each 
considered separately.  

Finally, using a widely cited ranking of universities and majors (QS 2019a and QS 2019b), it 
is possible to identify which cities are home to one or more of the top 500 ranked Asian 
universities as well as universities with a major in the top 500 global ranking of major fields of 
study.  The presence of a top university is found to be positively and significantly associated 
with firm innovation, and having a university with a top 500 globally ranked engineering major 
even more so. These results indicate an important role for locally available human capital, 
especially that which relates to technical fields, as a channel through which agglomeration 
affects innovation.3   

It must be noted that the analysis here does not estimate the causal effects of city size on 
innovation.  To do so would require instruments that affect current city size but are unrelated to 
unobserved city characteristics that impact innovation. Given the difficulties in finding plausible 
instruments, especially in a cross-country setting, this paper focuses on establishing important 
associations and exploring potential heterogeneity in the relationship between city size and firm 
innovation while controlling for various city and firm level characteristics. 

This paper is closely related to two strands of literature. The first is on the measurement of 
urban agglomeration economies. Most of the empirical evidence in this strand has focused on 
whether city size and/or density affect firm and worker productivity.4 Studies examining urban 
agglomeration economies associated with innovation-related activities are limited. Nevertheless, 
the available evidence—mostly for developed countries—suggests that innovation in a given 
country is heavily concentrated in a few cities, and that a city’s size or density plays a role in 
boosting innovation activity within that city. Ó hUallachain (1999) find that large metropolitan 
areas in the US dominate patenting, with patenting increasing with the size of the metropolitan 
area. Feldman and Audretsch (1999) also find that innovation appears to be a phenomenon of 
large cities: less than 4% of innovations occurred outside of the metropolitan areas in which 70% 
of the country’s population reside. Carlino, Chatterjee, and Hunt (2007) estimate the elasticity of 
patenting per capita with respect to employment density to be approximately 20% in 
metropolitan areas in the US. Carlino et al. (2009) further confirm the earlier results by 
weighting patents with the number of times they are cited. In a more recent study covering 30 
OECD countries, Paunov et al. (2019) find that 64% of patent applications from 2010 to 2014 are 

 
3 There are two specific ways universities influence innovation via their effect on the stock of human capital.  First, 
they expand the supply of skilled workers who can undertake innovation in a given location.  Second, they may 
influence innovation through the research of faculty via spillovers of knowledge or directly via technical 
collaborations with firms. For both, the evidence from developed countries suggests a strong local effect. 
4 See Rosenthal and Strange (2004), Melo, Graham, and Noland (2009), Puga (2010), and Baum-Snow and Ferreira 
(2015) for extensive surveys of methodology and evidence.  
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concentrated in 10% of cities. Evidence on other types of innovation such as firm-level 
innovation inputs or outputs remains largely missing in the literature. 

The second strand of literature this paper relates to attempts to identify the mechanisms 
underlying agglomeration effects. Duranton and Puga (2004) propose three channels through 
which urban agglomerations influence firm and labor productivity: sharing, matching, and 
knowledge spillover. Carlino and Kerr (2015) review the evidence and note that these three 
mechanisms also apply to innovation, with more empirical support for the knowledge spillover 
channel.5 Knowledge spillovers refer to the intellectual gains made by the exchange of 
information for which no direct compensation is given to the producer of the knowledge. It is 
particularly important in explaining the concentration of innovation since innovation arguably 
depends on the dispersal of knowledge more than other economic activities.  

A set of studies closely related to this paper examine the relationship between university-firm 
colocation and firm innovation and typically find significant effects working through various 
channels (Jaffe 1989; Audretsch and Feldman 1996; Audretsch and Stephan 1996; Anselin, 
Varga, and Acs 1997; Andrews 2017; Paunov, Borowiecki and El-Mallakh, 2019).  Relatedly, a 
handful of studies show that academic disciplines or majors belonging to science, technology, 
engineering and mathematics (STEM) are especially important for such spillover linkages 
(Bianchi and Giorcelli 2020).   

Although both strands of the literature have developed quickly, the evidence mostly draws 
from the US and other advanced economies. Evidence from developing countries is still 
extremely thin (Duranton, 2014). One exception is Nieto Galindo (2007), who documents that a 
significant share of firms in Colombia engage in product and process innovation, with more than 
70% of these innovations concentrated in three main cities hosting nearly 40% of the country’s 
population.   

 To the best of our knowledge, this paper is the first to provide cross-country evidence from 
the developing world on the relationship between urban agglomeration and firm innovation and 
how universities may influence it.6  While firms in developing countries may not be at the global 
technological frontier, they face the challenge of surviving local and imported competition. 
Innovation, though not at the cutting edge globally, may still be critical for firms in developing 
countries. Moreover, continuous investment in R&D and innovation can enable firms in 
developing economies to catch up with the frontier (Acemoglu, Aghion, and Zilibotti, 2006). In 

 
5 A thick labor market allows for the efficient sharing of access to a pool of specialized and experienced workers, 
which creates linkages and networks for knowledge to flow rapidly (Helsley and Strange 2002). Gerlach, Ronde, 
and Stahl (2009) find that firms located in clusters also take greater risks in R&D choices because of this, compared 
with spatially isolated firms. A thick local labor market also improves the quality of matches between firms and 
workers (Helsley and Strange 1990; Berliant, Reed, and Wang 2006; Strange, Heijazi, and Tang 2006).  
6 A recent study that has some similarities is Valero and Van Reenen (2019), which examines the impact of 
universities on subnational region-specific GDP per capita using data from 78 developed and developing countries 
and finds university presence to be robustly associated with regional economic growth.  The study also considers 
whether the quality of universities (as proxied by the presence of a PhD program and courses in STEM and 
“professional services”) drives the university-growth relationship and finds this to be the case only for an “advanced 
country” subsample.  This is taken to suggest that the innovation channel is a more important driver of the 
university-growth relationship in countries nearer the technology frontier. 
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this context, understanding what role urban agglomeration plays in firms’ undertaking product 
and process innovations as well as investing in R&D is very relevant.  

The remainder of this paper is organized as follows. The next section introduces the data. 
Section 3 describes the spatial distribution of innovation activities across developing Asian 
countries. Section 4 describes the empirical approach taken and presents the main results 
regarding agglomeration effects and firms’ innovation-related activities, followed by robustness 
tests and various extensions. Section 5 investigates the colocation of top university and firms as a 
channel through which agglomeration effects may be working. The final section concludes.      

2. Data 

This paper’s analysis is based on a unique dataset that maps over 20,000 firms to nearly 500 
cities across 25 developing economies in Asia. The firm data comes from the WBES conducted 
from 2012 to 2016.7 The city data was developed using nighttime lights (NTL) satellite imagery, 
LandScan grid population data and other data sources.  

2.1. Data on Firm Innovation 

WBES are firm-level surveys conducted in developing economies. Each survey consists of a 
cross-sectional representative sample of private firms mainly from an economy’s formal sector. 
Those in the agriculture sector and all state-owned enterprises are excluded. Surveyed firms are 
selected through stratified random sampling, based on the sector of activity and firm size.   Since 
2002, the data have been collected from face-to-face interviews with high-level managers or 
company owners with measures taken to ensure high quality of surveys.8  

The surveys cover a wide range of topics, with some of them country specific. A harmonized 
version of the WBES data that extracts and standardizes common information from each country 
is used. Apart from basic information on sample firms —such as number of employees, age, 
sector, and foreign direct investment (FDI) share—the surveys collect information about firms’ 
innovation-related activities through the following questions:  

(i) During the last 3 years, has this establishment introduced a new or improved product (i.e., 
a good or service)?  

(ii) During the last 3 years, has [the surveyed] establishment introduced any new or improved 
process? These include methods of manufacturing products or offering services; logistics, 
delivery, or distribution methods for inputs, products, or services; or supporting activities for 
processes.  

 
7  The terms firm and establishment are used interchangeably while recognizing that the unit of analysis of the 
WBES are establishments.  
8 For instance, the firm identifiers are kept confidential and the survey is conducted by private organizations 
independent from government. To make sure questions elicit valid answers, various measures including translation 
and localization checks, different interviewees for the same firm, and post-survey consistency checks are taken 
before, during and after the survey. See Ayyagari, Demirgüç-Kunt, and Maksimovic (2011) for more discussion. 
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(iii) During the last fiscal year, did this establishment spend on research and development 
activities, either in-house or contracted with other companies, excluding market research 
surveys?  

The answers to these questions, coded as binary indicators, measure a firm’s engagement in 
innovation with respect to products, processes, and R&D, respectively. As defined in the 
questionnaire, these innovations can be more advanced inventions or production processes, or 
small improvements to existing processes and products.9  

To address the potential subjectivity of responses to these questions, WBES data are 
collected by interviewers guided by detailed instructions on what does or does not count as a 
“new or improved” product or process and as “R&D”.10 Firms responding positively to questions 
(i) or (ii) were asked to describe the new or improved product or process in detail.  (In case of 
multiple innovations by a firm, the respondent was asked about the product or process 
considered to be most significant as identified by the value of sales for product innovations and 
impact on operations for process innovations.)  Further, firms responding positively to question 
(i) were asked whether the new or improved product (good or service) was also new for the 
establishment’s main market.  

These questions should prompt respondents to exercise care in providing responses. In view 
of the above, as well as the general quality control measures adopted in collecting WBES data, 
the innovation information in WBES is deemed to be reliable. Indeed, it has been used in several 
peer-reviewed papers that study firm innovation in developing countries (Ayyagari, et al., 2011; 
Paunov, 2016; and Paunov and Rollo, 2016).11  

To examine how urban agglomeration affects firm propensity to undertake innovation-related 
activities, it is crucial to know the location of firms, ideally measured in a consistent way across 
countries. Publicly available WBES provide information on the geographic units where each 
firm is located. However, the scope of the geographic units varies by country and these units do 
not necessarily correspond to a well-defined urban area. For example, the Kazakhstan data 
indicate only the region (e.g., north or south) to which surveyed firms belong, while the Indian 
data reveal only the state where a firm is located. Even if the geographic unit refer to cities, as is 
the case for some countries, they are not comparable since the official definitions of cities differ 
greatly across countries (UN 2018). Fortunately, the WBES conducted since 2012 contain the 

 
9 Examples of relatively minor product innovations include a shoe manufacturing firm in Bandung, Indonesia 
introducing shoes made out of nubuck leather with anti-slip and oil resistant soles, or a plastic bag printing firm in 
Port Moresby, Papua New Guinea printing bags to carry food. Examples of process innovations include a 
manufacturing firm in Yangon, Myanmar offering a door-to-door sales service or a repair shop running an ad 
campaign on Facebook. There are more advanced product innovations in the sample as well, including a firm in Ho 
Chi Minh starting to weld optical fibers for Viettel, a telecom multinational. For process innovation, an example is 
an auto repair company in Yangon adopting laser-based technology.  
10 See pages 16-20 of “World Bank Group’s Enterprise Survey: Understanding the Questionnaire”, 2019, World 
Bank. 
11 Robustness tests use as dependent variables an indicator of whether the new or improved product or service was 
also new for the establishment’s main market and an indicator of whether the establishment reported either a product 
innovation or process innovation. The latter allows for mistaken categorization of innovation as a product or process 
innovation by respondents. See Section 4.2 for more detail. 
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geographic coordinates of surveyed firms.  These were provided with a random shift of up to 2 
kilometers to mask firms’ true locations and allow firms to be matched with natural cities as 
described below.     

2.2. Data on Natural Cities Based on Nighttime Lights Satellite Imagery 

A novel dataset of more than 1,500 “natural” cities across Asia and the Pacific developed 
recently (Jiang, 2021) is utilized for capturing cities. The dataset is based on nighttime lights 
(NTL) satellite imagery data available since 1992 from the National Oceanic and Atmospheric 
Administration website. Human settlements were delineated with the deblurred NTL data as 
contiguously illuminated areas. Those meeting certain criteria, such as covering units captured 
by the Global Rural Urban Mapping Project database with population greater than 100,000 in 
year 2000 or having a land area greater than 100 km2 in 2000 are classified as urban 
agglomerations. These urban agglomerations are referred to as natural cities to distinguish them 
from administratively defined cities.  

The population of natural cities is estimated using grid population data from LandScan. Other 
city characteristics including weather (precipitation and annual maximum and minimum 
temperature), distance to the nearest seaport, and citywide ruggedness are added to the dataset. 
Jiang (2021) provides additional details on the development of the natural city dataset.  

The advantages of using natural cities are many. First, natural cities are uniformly defined 
and their characteristics are measured consistently across countries and over time. In contrast, 
official statistics on cities rely heavily on administrative designations, for example, defining 
cities as areas administered by municipal councils, or combining administrative designations 
with economic ones, for example, requiring a city to meet some country-specific thresholds on 
population size and density and even share of agricultural employment (ADB 2019).  As may be 
expected, the boundaries of administratively designated cities differ substantially in their size, 
institutional status and governance structure across different countries. Second, natural cities 
offer a better representation of the urban agglomerations in which firms operate.  This is because 
many administratively defined cities contain both dense urban areas and sparsely populated rural 
areas; additionally, economic activity invariably expands beyond the administrative boundaries 
of cities and spreads over multiple administrative units (urban and/or rural). These areas are 
economically integrated and should be considered as part of an urban agglomerations.12  

To illustrate these points, Figure 1 shows two examples of natural cities and their 
corresponding administratively defined units.  In India, officially designated cities are described 
as “statutory towns”—i.e., administrative units with a municipal corporation, municipality, 
cantonment board, notified town area committee, or town council.  However, the boundaries of 
these cities are widely acknowledged as too restrictive, given the complex and time-consuming 
process of redrawing municipal boundaries as cities expand (Colmer 2016).  Thus, the Indian 

 
12 The literature increasingly recognizes the advantage of defining urban agglomerations through economically 
integrated areas via remote sensing technologies instead of administrative boundaries. For applications to the 
developing world, see Dingel, Miscio, and Davis (2019), Galdo, Li, and Rama (2019), and Bosker, Park and Roberts 
(2020). 
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census has defined additional urban units, such as “census towns”, administrative units formally 
classified as villages but which satisfy various criteria common to urban settlements; and “urban 
agglomerations” (UA), typically an urban area that consists of a statutory town and its adjoining 
outgrowths.  While the concepts of census town and UAs try to capture the urbanization process 
taking place outside the administrative boundaries of statutory towns, it is widely agreed that 
these understate the extent of urban growth. Nighttime lights lend strong support to this.  Panel 
(a) of Figure 1 plots three versions of Chennai: the statutory town (dashed red boundary), the UA 
(dashed black boundary), and the natural city (the shaded area).  Further, towns in the vicinity 
are also plotted.  The figure serves to show that urban spread can well exceed the administrative 
boundaries of officially defined cities and encompass many settlements—towns and villages—
which are otherwise treated as wholly sperate entities in official statistics. 

China presents a different case. In the literature and policy documents, prefectures (nearly 
300 in total) and four municipalities directly under the central government are considered 
administrative cities in China (e.g., Chauvin, Glaeser, and Tobio, 2017). However, there are vast 
suburban and rural areas in each prefecture. In the official City Statistical Yearbooks, data are 
reported for both the entire prefecture as well as a core area, called the “city proper”. The latter is 
often used in studies of Chinese cities (e.g., Anderson and Ge, 2005; Au and Henderson, 2006; 
Fang, Li and Song, 2017). Panel (b) of Figure 1 shows that Dalian prefecture, known for its 
seaport and role as an economic center in northern China, contains four natural cities with one 
located in the city proper and three outside.  As the case of Dailan prefecture shows, a focus on 
the city proper can simultaneously lead to the inclusion of large amounts of rural areas as well as 
the exclusion of other urban areas inside the prefecture.13  

The natural city data contains both geocoded locations and boundaries of the natural cities, 
making them ready for matching with WBES firm-level data. Other publicly available city 
datasets of developing countries such as the one from World Urbanization Prospects only contain 
centroids of cities. 

WBES firms are mapped to their natural cities using geographic information system (GIS) 
software. To maximize the number of firms that can be matched to our natural cities, 2016 
natural city boundaries are used and firms falling outside a natural city but within a 2km band 
from the city boundary are assigned to that city.14 Table A1 shows the results of the matching 
exercise by country. Overall, a total of 21,857 firms are matched to 489 natural cities, an average 
of 45 firms per city. The share of WBES firms matched to a natural city is 87%, with the 
matching rates within individual countries ranging from 40% (Mongolia) to 100% (Myanmar 
and the PRC).15 The unmatched firms are likely to be those located in rural areas of very small 

 
13 Appendix 1 presents further comparison of the two types of city data by an investigation of Zipf’s law for China 
and India. 
14 Results do not change if firms falling outside the 2 km band from the analysis are excluded. These are available 
upon request.    
15 The initial procedure resulted in a low matching rate for the PRC (59%), which is probably due to the country’s 
regulations on collecting and using geographic information, and the unique coordinate system used for geographic 
data in the PRC. To address the issue, prefecture information available in the WBES data for the PRC is used to 
assign each unmatched firm to the largest natural city in its prefecture.  This results in a 100% matching rate. 
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towns far from urban centers. Figure 2 shows the geographic distributions of the natural cities 
with WBES firms. India alone contributes 8,100 firms, or 37% of the total sample, which were 
distributed across 207 natural cities. 

Finally, an international ranking of universities and academic disciplines or majors is used to 
examine the relationship between firms’ propensity to undertake innovative activities and the 
presence of high quality universities and underlying academic disciplines. Specifically, the list of 
top 500 universities in Asia from the recent QS Asia University Rankings (QS 2019a) 
publication are mapped to natural cities.16 Of the 500 top Asian universities, 248 are mapped into 
99 natural cities. A dummy indicating the presence of top Asian university is set to 1 for these 
cities and 0 for the rest.  

Unfortunately, the QS rankings of top Asian universities does not provide information on 
their majors and which ones contributed to their high ranking.  To get a sense of the role that 
different majors might play in any linkages between universities and firms’ innovation, 
information from the QS ranking of universities around the world across five broad areas of 
study (QS World University Rankings by Subject; QS 2019b) is used.17 The five areas are arts 
and humanities, engineering, life sciences, natural sciences, and social sciences and management.  

This global ranking is used to create dummies for the presence in our cities of universities with a 
top (globally) ranked major across the five areas. If the city has one or more universities ranked 
within the top 500 in a major study area, the corresponding dummy is equal to 1.  

As may be expected, having a university with a top ranked major globally makes it very 
likely that a university is also be in the list of top Asian universities.  Indeed, with the exception 
of eight Indian universities located in 6 natural cities, all other Asian universities included in the 
list of universities with a top major(s) globally are also in the list of top Asian universities. On 
the flip side, there are 171 top Asian universities without any major in the global top 500 majors. 

2.3. Summary Statistics 

Table 1 reports the sample summary statistics of firm-level and city-level variables used in 
the study. Around 36% of the surveyed firms reported that they had introduced new or improved 
products or services in the past 3 years; 21% introduced products that were also new for the 
firm’s main market. The proportion goes up to 50% for new or improved processes, and 24% for 
any expenditure on R&D.  Overall, 56% of firms carried out at least one of the three innovation 
related activities. 

Following the literature, firms that operated for fewer than 10 years are defined as young 
firms (Reyes, Robert, and Xu 2017); those that had 50 or fewer permanent employees as small 
firms (Beck, Demirgüç-Kunt, and Maksimovic 2005; Reyes et al. 2017); and those that had 10% 
or more foreign ownership as FDI firms.18 About 21% of firms across the whole sample were 

 
16 QS stands for Quacquarelli Symonds, a British company that analyzes higher education institutions around the 
world. 
17  The detailed list of subjects included in each major category is accessible at the QS website. 
18 The literature often follows the International Monetary Fund’s standard definition of FDI, i.e., a firm is treated as 
having FDI if at least 10% of the firm’s ownership is foreign. For example, see Kinda (2010). 
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young, 65% were small, and 6% had FDI present. About two thirds of firms are from the 
manufacturing sector, with the rest belonging to the services sector. About 41% of the surveyed 
firms are headquarters and the average share of skilled workers, defined as workers that perform 
highly skilled or semi-skilled jobs, is around 35%.   

To capture time-variant characteristics of natural cities, such as population and weather, 2010 
values are used in light of the fact that the innovation activities captured by the surveys were 
concentrated over 2012–2016. Overall, the sample cities are highly diverse in all the dimensions 
measured. City population ranges from 8,000 to 35.8 million, with an average of 1.4 million and 
median of 438,000. The average annual maximum and minimum temperatures are 35 and 9 
Celsius degrees, respectively, with minimum temperatures having a larger variation. The average 
distance of the cities to the nearest seaport is 400 km, with a standard deviation of 500 km. The 
city with the most rugged terrain has an index 15 times greater than the sample mean for 
ruggedness.  

About 20% of the 489 cities host at least one university that ranks among the top 500 in Asia.  
Further, based on a dataset that ranks academic disciplines or majors globally, 4% cities also host 
at least one university whose arts and humanities major ranks among the top 500 globally.  The 
corresponding numbers for other majors are 6% for engineering and technology; 4% for life 
science and medicine; 6% for natural sciences; and 5% for social sciences and management.  

3.  Spatial Distribution of Firm Innovation 

One stylized fact documented in the literature—which mostly covers developed countries as 
noted earlier—is that innovation is spatially concentrated to a high degree. Within a given 
country, there are generally just a few cities that act as “innovation hubs”. These hubs host a 
large share of a country’s innovative activities, and this share is typically disproportionate to 
each city’s share of the country’s total population. For instance, Moretti (2019) shows that in the 
US the top 10 cities accounting for innovations in the fields of computer science, 
semiconductors, and biology and chemistry host 70%, 79% and 59% of inventors, respectively. 
Similarly, Nieto Galindo (2007) finds that over 70% of Colombia’s innovations are concentrated 
in 3 main cities, which together host less than 40% of the country’s population. 

Similar patterns with respect to firm innovation are observed in our data. Figure 3 plots the 
share of innovative firms a natural city accounts for in the country against its share in total urban 
population for each of the three types of innovation.  The natural cities covered are the most 
innovative cities—the top 10 in the case of China and India, the top three for other countries with 
more than 10 natural cities, and only the top city for the rest. The left panel displays the plots for 
China and India while the right panel covers other countries. Cities falling above the 45-degree 
dashed line have a higher degree of concentration of innovating firms relative to population.  

A strong pattern of concentration in spatial innovation is observed in both China and India. 
For China, with the exception of Beijing for product innovation, all top innovative cities have 
larger shares of innovative firms than their shares of urban population. Hangzhou, where the 
headquarter of Alibaba company is located, accounts for 2.6% of total urban population and 
4.7%-6.1% in the three firm innovation activities. Suzhou, known for the success of its industrial 



11 
 

park set up in collaboration with the Singaporean government, accounts for 1.6% of urban 
population, 8.3% of firms undertaking R&D and 10.9% of process innovation. Jointly, the top 10 
cities in China account for 71% to 75% of firms engaged in innovation activities with 45% to 
55% of urban population.  

In India, the top 10 innovative cities are all above the 45-degree line with the exception of 
Mumbai and Kolkata. Delhi, Chennai, Bengaluru, and Hyderabad host the most innovative firms 
in India across different type of innovation related activities. Moreover, they display significant 
gaps between shares of firm innovation and shares of urban population. For instance, 26% of 
firms undertaking R&D in India are located in Delhi, which accounts for 9.7% of urban 
habitants. Overall, 72% to 79% of innovative firms are located in the top 10 cities in each 
category while the population of these cities account for 34% to 43% of the urban total 
nationally.  

Similar patterns emerge for the remaining countries. For all three categories of innovation, 
two-thirds of the top innovative cities in these countries are above the 45-degree line. However, 
the figure also shows some mega cities with a disproportionately low share of innovative firms. 
For instance, Almaty, Bangkok, Ho Chi Minh, Jakarta, Kabul, Kathmandu, Manila, and 
Viangchan all have larger shares of national urban population than their shares of innovative 
firms in product and process innovation. Interestingly, these cities except Ho Chi Minh are all 
national capitals.  

The spatial concentration of firm innovation at the country level can also be measured as the 
ratio of the Herfindahl-Hirschman Index (HHI) of firm innovation to the HHI of population at 
the city level.19 The results are reported in Table 2. A ratio higher than 1 suggests a higher degree 
of spatial concentration of firm innovation relative to the urban population. The country-level 
HHI ratios range between 0.59 and 3.11, 0.53 and 2.68, and 0.67 and 4.12 with simple averages 
of 1.28, 1.29 and 1.51 for product innovation, process innovation, and R&D, respectively. 
Across all three innovation categories, two thirds of sample countries have HHI ratios higher 
than one. Notably, India has the highest degree of concentration for product innovation and R&D 
and is second to Uzbekistan for process innovation. On the other hand, high population Southeast 
Asian countries such as Thailand, Viet Nam and Philippines score low in the spatial 
concentration of firm innovation.  

In summary, there is compelling evidence of a high degree of spatial concentration of firm 
innovation across Asian countries. Nevertheless, some large cities are seen to host 
disproportionately fewer innovative firms.  How is city size associated with firms’ innovative 
activities in developing Asian countries? What are potential channels through which 
agglomeration may be affecting firms’ innovation related activities? These are questions 
examined in the next two sections.   

4. Urban Agglomeration and Firm Innovation 

 
19 HHI is calculated as 𝐻𝐻𝐼 = ∑ 𝑆 , where 𝑆  is the share of population or firms engaged in innovation of natural 
city 𝑖 in country 𝑐. We thank a referee for suggesting this measure of relative spatial concentration of firm 
innovation. 
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This section aims to investigate the association between urban agglomeration and a firm’s 
propensity to undertake product innovation, process innovation, and R&D activity across Asian 
cities. Given the nature of the data at our disposal, a Probit model is used to estimate the 
likelihood of a firm partaking in a particular type of innovation activity as a function of 
characteristics of the city in which the firm is located as well as those of the firm itself. The 
underlying latent model can be written as:  

𝑦∗ = 𝛽 + 𝛽 𝑙𝑛𝑃 + 𝛽 𝐶𝐼𝑇𝑌 + 𝛽 𝐹𝐼𝑅𝑀 + 𝛿 + 𝛾 + 𝜖  

𝑌 =
1
0

   
𝑖𝑓 𝑦∗ > 0

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

where: subscripts 𝑖, 𝑐, 𝑛, 𝑡 represent firm, city, country, and year, respectively; 𝑌  denotes the 
outcome variable of interest, which equals 1 if the firm responded positively to the question 
regarding product innovation, process innovation, or R&D expenditure, and 0 otherwise; 𝑦∗  is 
the latent variable for outcome variable 𝑌 , which can be interpreted as a firm’s (unobserved) 
propensity to innovate; and 𝑙𝑛𝑃  is the natural log population of city 𝑐 in 2010, two to six years 
prior to the actual survey of firms in a country. Of primary interest is its coefficient, 𝛽 . A 
positive and statistically significant estimate suggests that firms in larger agglomerations are 
more likely to undertake innovation activities. For better interpretation of the Probit results, the 
marginal effect on innovation propensity from changes in city population are shown.   

 𝐹𝐼𝑅𝑀  is a vector of firm-level controls, including indicators for firms’ age, size, 
presence of FDI, sector of production, share of skilled workers, and whether the responding 
establishment is a headquarter or not. These variables are considered to be important influences 
on a firm’s decision to undertake innovation. A number of “first-nature” city characteristics, 
denoted by 𝐶𝐼𝑇𝑌 , that can affect both city population and the propensity of firms to innovate in 
the city are also controlled for (Combes et al. 2010). These are average rainfall, annual maximum 
and minimum temperature, distance to the nearest port, and average terrain ruggedness. These 
variables are measured in 2010.  

Controls for country (𝛿 ) and year (𝛾 ) fixed effects are also included in the model. Country 
fixed effects can account for cross-country variations in institutions, culture, and nationwide 
policies that influence firm innovation. They can also capture survey-related differences across 
countries. For instance, training of interviewers or heterogeneity in respondents’ perception of 
what constitutes innovation may lead to systematic differences in survey responses between 
countries. The year fixed effects can proxy for time-variant region-wide economic conditions 
that may affect the dynamics of firm innovation across countries.  

Lastly, 𝜖  denotes a random error term that follows a normal distribution. To be 
conservative, standard errors are clustered at the country level to account for potential correlation 
of unobservables within cities as well as across cities of the same country. 

Despite the comprehensive controls used, estimates of 𝛽  should not be interpreted as 
capturing the causal effect of city size on firms’ innovation.  Two types of endogeneity seem 
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particularly important when estimating the relationship between firms’ innovation and city size.20  
In one, entrepreneurs do not choose among alternative locations when starting a firm; but once 
started by a resident entrepreneur, a firm’s subsequent decisions on innovation are dependent on 
city size as well as unobserved city characteristics such as the quality of the local workforce and 
public resources—characteristics which may also be correlated with city size. Alternatively, 
firms may be free to choose their locations, with more innovative entrepreneurs likely to locate 
in larger cities in order to access their (typically) larger pool of skilled workers, better 
infrastructure, and thicker markets. In both cases, but especially in the second, the common 
practice of using historical city size as an instrument for current city size is not likely to be 
helpful in solving the endogeneity problem.  Instead, one would need at a minimum, instruments 
capturing recent immigration, fertility, or mortality shocks occurring in cities—i.e., factors that 
would affect current city size but be unrelated to city characteristics that impact innovation.  
More realistically, given that location choice is unlikely to be completely exogenous, valid 
instruments would need to capture the choice of entrepreneurs across cities but be uncorrelated 
with firms’ innovation.    

Given the difficulties in finding plausible instruments, the analysis focuses on the correlation 
and possible heterogeneity in the relations between city size and firm innovation controlling for 
various city and firm level characteristics.   

4.1. Baseline Estimates  

Table 3 presents the baseline results. The coefficients of the main variable of interest, 
logarithm population in 2010, are positive and significant at 1% for all three outcome variables. 
In other words, holding everything else constant, firms residing in cities with larger populations 
are more likely to implement both product and process innovations and undertake R&D. For 
product innovation, the predicted propensity when the independent variables are at their mean 
values is 31.4%. The coefficient corresponds to a marginal effect of 4.3 percentage points, or 
13.5% higher from the predicted propensity. For process innovation, the estimated marginal 
effect is 3.7 percentage points, or 8.5% higher than the predicted propensity of 42.8%. For R&D, 
the estimated marginal effect is 2.8 percentage points, or 14.3% higher than the predicted 
propensity.  

Other city characteristics are also correlated with innovation-related activities. The 
coefficients on average precipitation are negative and significant; coefficients on maximum 
temperature are positive and significant in models for process innovation and R&D; coefficients 
on minimum temperature are positive and significant; lastly, firms based in inland cities and/or 
cities with more slopes are, on average, more likely to innovate.  

In terms of firm characteristics, younger firms are more likely to implement process 
innovations and conduct R&D. Firm size is positively associated with all three innovation-

 
20 We are grateful to a referee for this discussion on the requirements of an IV strategy. It may be noted that in an 
earlier version of the paper (Chen, Hasan and Jiang, 2020), the 1950s population of administratively defined cities 
corresponding to each natural city (sourced from the World Urbanization Prospects database) was used to instrument 
for the contemporary population of our natural cities. The IV estimates are largely in line with the results from 
Probit models.   
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related activities. Smaller firms are less likely to participate in product or process innovation or 
invest in R&D. Firms with foreign ownership are more likely to generate product innovations 
and invest in R&D. Headquarter firms are more likely to implement product innovations. These 
findings are generally consistent with literature (Bertschek 1995; Huergo and Jaumandreu 2004; 
Yang 2017). 

To summarize, after controlling for a wide range of factors, associations between city 
population size and each of the three innovation activities undertaken by firms are found to be 
statistically significant. All else equal, firms in cities twice as large are more likely to engage in 
product innovation, process innovation, and R&D by 13.5%,  8.5% , and 14.3% respectively. 
These estimates are either at the high end or greater than estimated elasticities of wage or firm 
productivity with respective to city employment or urban density in studies of individual 
countries, and which typically fall between 2% and 10% (Duranton 2014).21 On the other hand, 
the estimates are smaller than the estimated elasticity of patent intensity with respect to 
employment density, such as the estimate of 20% found in Carlino et al (2007).    

4.2. Robustness Tests 

A series of robustness tests are performed. First, the results above might be driven by a few 
megacities that host a large number of innovative firms. To check for this potential “superstar” or 
outlier effect, the 13 cities with populations of over 10 million are excluded.22 The results are 
presented in the first three columns of Table 4. The estimation yields larger coefficient estimates 
and marginal effects than the baseline results. On average, firms in cities twice as large are more 
likely to engage in innovation by 4.8, 7.3, and 5.1 percentage points, or by 17%, 17%, and 30% 
against the benchmark propensity of 28%, 42% and 17%, for product innovation, process 
innovation and R&D investment, respectively. This suggests that while the megacities host many 
innovative firms, the association between city size and firm innovation activities is more 
pronounced for firms located in non-mega cities. 

    Second, it is possible that firms in small cities innovate much less than those in large cities 
and thus the innovation gradient could turn flat if small cities were excluded from the analysis. 
Excluding cities with less than 0.5 million population yields a subsample of 225 cities and about 
18,000 firms (columns 4 to 6). The predicated probabilities of firm innovation in this subsample 
are slightly higher than their counterparts for the full sample, implying that the gaps of 
innovation propensity between firms in small and large cities may not be large enough to be 
solely responsible for the baseline results. The estimated marginal effects are all positive and 
statistically significant, with the one on product innovation slightly higher than that of the full 

 
21 The higher agglomeration benefit on innovation than on productivity has also been found in developed countries 
(Duranton 2014). 
22 These cities are Bangkok, Beijing, Delhi, Dhaka, Guangzhou, Ho Chi Minh, Jakarta, Karachi, Kolkata, Lahore, 
Manila, Mumbai, and Shanghai.  



15 
 

sample and the one on R&D two-thirds of the full-sample estimate. Thus, the firm innovation 
gradients seem ubiquitous along the city size distribution in the region.23  

In addition, to test if results are sensitive to the definition of innovation, two alternative 
measures of the dependent variable are used. The first indicator concerns whether the product 
innovation is “also new to the establishment’s main market”. Answers to this question are 
expected to be more reliable as the question requires the respondents to think more about their 
answer to the preceding question regarding general product innovation; it also gets at the 
importance of an innovation. As expected, this follow-up question yields a lower percentage of 
positive responses reported in the sample—20.5% as opposed to 35.7% for the general question 
on product innovation. The regression results in column (7) of Table 4 show that doubling city 
size is associated with a 3.0 percentage point or 22% increase in the propensity of main market 
product innovation, higher than 13.5% increase in propensity using the general product 
innovation measure.  

The second alternative measure of innovation takes a value of 1 if a firm conducts either 
product or process innovation. The sample average, equal to 57.5%, is greater than the averages 
of product innovation and process innovation and smaller than the sum of the two. This implies 
that respondents were able to differentiate between the two types of innovation and a fair 
proportion of firms engaged in only one of the two. The estimated marginal effect is 4.5 
percentage points, or a 7.8% increase over the predicted propensity, also with 1% statistical 
significance.  

4.3. Heterogeneity by Development Level and Country 

The 25 Asian countries included in the analysis are at distinct stages of development. It is 
possible to examine whether the relationship between agglomeration effects and firm innovation 
varies with the level of development by dividing the overall sample into upper-middle income 
countries and low and lower-middle income countries based on the latest World Bank country 
classifications.24 Probit regressions are estimated for both subsamples and results are reported in 
Table 5.  

For low and lower-middle income countries, encompassing about 75% of firm observations 
in 345 cities, the agglomeration effects for product innovation and R&D are positive and 
comparable to the estimates from the full sample with 1% statistically significance. For process 
innovation, the marginal effect is estimated at 0.019, around half of that for the full sample, with 
5% statistical significance.   

 
23 The sensitivity of estimates to the exclusion of small cities which have only a small number of firms surveyed by 
the WBES is also considered using thresholds of 10 and 20 firms per city. The former yields 264 cities and around 
20,000 firms and results are close to baseline estimates; the city size coefficients for all three innovation categories 
are positive and significant at 1% level. The more aggressive exclusion results in a subsample of 193 cities and 
around 19,000 firms. The estimate for product innovation remains almost identical to the full sample estimate. For 
process innovation and R&D, however, both coefficients halve in size and are marginally significant. 
24 The World Bank defines low income economies as those with a gross national income (GNI) per capita of $1,025 
or less, lower-middle income economies between $1,026 and $3,995, and upper-middle income economies between 
$3,996 and $12,375. 
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Firms in upper-middle income countries are more likely to undertake innovation activities. 
For instance, 36% of firms undertake product innovation and 29% of firms conduct R&D in the 
upper-middle income countries, as opposed to 25% and 13%in low and lower-middle income 
countries, respectively.  While the upper-middle income subsample accounts for one quarter of 
the total firms and 30% of cities, strong agglomeration effects on product and process 
innovations are still obtained. The estimated marginal effect is slightly lower than that for the full 
sample for product innovation and slightly higher for process innovation. The marginal effect for 
R&D is half of the estimate of the full sample and statistically insignificant. 

Overall, agglomeration effects exist consistently across the samples pertaining to different 
development levels in the case of product innovation while they vary for process innovation and 
R&D. At low and lower-middle income levels, firm R&D is more concentrated in large cities 
while process innovation less so. For countries that have reached higher income levels, process 
innovation tends to concentrate in large cities whereas R&D is undertaken more universally. 

The 25 countries are also diverse in terms of institutional or cultural backgrounds. It is worth 
examining how the agglomeration effects on firms’ innovation varies across these different 
social settings. Three cases are considered, namely China, India and a group of Southeast Asian 
countries (which are developing members of the Association of Southeast Asian Nations, or 
ASEAN, and referred to as so). The results are summarized in Table 6.  

The estimated marginal effects are all positive and statistically significant across the three 
countries and subregions except for those on R&D in China and process innovation in 
developing ASEAN countries. The predicted propensity of product and process innovation are 
nearly identical across China and India, whereas China’s R&D propensity is higher than India’s 
by 10 percentage points. The estimated marginal effects of city population on product innovation 
and R&D are much larger in India than in China. These differences appear to echo the stylized 
facts presented in section 3: At the city level, the most innovative cities in India tend to show a 
higher concentration of firm innovation relative to population than their Chinese counterparts 
(Figure 3); at the country level, the Herfindahl-Hirschman Index ratios for India are higher than 
those for China (Table 2).  

Developing ASEAN countries have substantially fewer firms engaged in innovation as 
compared to China or India. The marginal effects are also smaller than those of these two 
countries. Owing to their low baseline probabilities, however, the percent changes in product and 
R&D probabilities in developing ASEAN countries are substantial (27% and 17%, respectively) 
and comparable to those of China and India. 

5. Presence of High Quality Universities  

So far, this paper’s analysis has established a positive association between urban 
agglomeration and firm innovation that is pervasive across developing Asia.  This section 
investigates a potentially important channel through which such effects may arise. Specifically, it 
examines whether the presence of a top-ranked university in cities is associated with firm 
innovation.  
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Universities, especially high quality ones, are found to be closely associated with the 
innovation related activities of local firms in developed countries (for instance, see Jaffe 1989, 
Anselin, Varga, and Acs 1997, and Andrews 2017). There are several ways for universities and 
firms in the same city to interact, including university-firm collaborations through market-
mediated interactions, unintended knowledge flows from university-based research (D’Este and 
Iammarino 2010; D’Este and Patel 2007), and universities as suppliers of human capital to local 
firms (Toivanen and Vaananen 2016). Biasi, Deming, and Moser (2020) provide a 
comprehensive review of literature on university and innovation. 

Across various academic disciplines or majors, those belonging to science, technology, 
engineering and mathematics (STEM) appear to be particularly important for spillover linkages 
between universities and firms’ innovation. Bianchi and Giorcelli (2020) find that an exogenous 
increase in STEM majors in Italy led to more innovation in general, with effects concentrated in 
chemistry, medicine, and information technology. Similarly, Toivanen and Vaananen (2016) find 
engineering education to have a positive and significant effect on patenting in Finland. 

In summary, based on analysis of developed country data, firms’ innovation could benefit 
from geographical proximity to a university, with certain majors playing an especially important 
role. 

An examination of the data on top ranked universities and majors suggests there is a high 
degree of spatial concentration of top Asian universities and top global majors in developing 
Asia. First, the top Asian universities are unevenly distributed across countries (Table 7). Only 9 
of the 25 countries in the sample have a top university, and the majority of them (211 or 85% of 
total) are located in five countries—PRC (78), India (64), Malaysia (25), Pakistan (22), and 
Indonesia (22). Second, within these countries, the quality universities are also unevenly 
distributed across cities. For example, all 6 top universities in Bangladesh are located in Dhaka; 
14 of the 25 top universities in Malaysia in Kuala Lumpur; and 12 of 18 in Thailand in Bangkok. 
Third, the majority of top Asian universities and universities with top global majors are located 
in larger cities, with the latter slightly more so (Table 8). Among the 248 universities in our 
sample cities, less than 1 in 7 are located in cities with population less than 1 million; for the 
universities with top majors, the share is between 3% (arts and humanities) to 10% (life 
sciences). The large city bias is especially apparent in China, where all the top universities and 
top majors are in cities with a population above 1 million.  

A formal investigation of the association between firm innovation and presence of a top 
Asian university and academic disciplines is carried out as follows.  First, a dummy for co-
location of a top Asian university is included in the Probit model. The results are reported in 
columns 1-3 of Table 9 and the presence of a top university is found to be significantly 
associated with a higher propensity for firms to introduce product and process innovations as 
well as conduct R&D.  The association is more pronounced for process innovation. In addition, 
once the presence of a top university is controlled for, the coefficients on city size diminish in 
magnitude as well as significance for process innovation and R&D. This implies that the 
colocation of high-quality universities and firms serves as an important channel through which 
urban scale promotes firm innovation through these activities. In contrast, the coefficient on city 
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size remains positive and significant in the regression for product innovation (though diminished 
in magnitude) suggesting that agglomeration influences innovation through several channels and 
not just the one working through universities.  

Second, there may be sector heterogeneity in the relationship between universities and firms’ 
innovation activities. Firms are thus distinguished by sector (manufacturing or services) and the 
university dummy is interacted with the firm sector dummy.  The results presented in columns 4-
6 of Table 9 suggest that the presence of a top university mainly promotes product innovation in 
manufacturing firms with little effect seen for services firms. On the other hand, it plays a bigger 
role for services firms than manufacturing firms in terms of R&D investment. While more 
research is needed to pin down the drivers of these patterns, the findings imply that the 
universities-firms linkages vary by sector.  

The role a university plays in promoting firm innovation may also depend on its strength in 
different fields, which may vary across universities. To assess this possibility, dummies for the 
presence of a top major (across five majors) are included in the model, in addition to the dummy 
for a top university. The results are shown in Table 10. Most notably, the presence of a top 
engineering major is found to be strongly associated with increased propensity of all three firm 
innovation activities. In particular, the coefficients are higher for product innovation and R&D 
than for process innovation. Institutions with top life science majors also catalyze firm 
innovation, particularly in process innovation and R&D, in the same city. On the contrary, the 
estimates suggest that the presence of a top arts and humanities major or natural sciences is 
associated with decreased propensity for firm innovation.  As for having a top social sciences 
and management major, the estimates are positive for product innovation and negative for R&D. 
Lastly, the top university dummy remains positive across the three regressions and statistically 
significant for process innovation and R&D.  

Though by no means definitive, these results are interesting for the region studied. Local 
governments such as Shenzhen in China seem to be on the right track with their efforts to 
establish universities or attract new campuses of universities with strong technological and 
engineering majors as they aspire to move up the global value chain of production. Nevertheless, 
it is unclear to what extent our estimates represent causal relations. Universities with strong arts 
and humanities departments may not discourage firm innovation at all. Instead, it may be that 
they are located in cities with rich cultural or historical backgrounds that are not particularly 
attractive to entrepreneurs.     

6. Conclusion 

To the best of our knowledge, this paper is among the first to systematically examine the 
spatial distribution of developing country firms’ engagement in innovation-related activities at 
the city level, and whether and how urban agglomeration affects the propensity of firms to 
innovate. The analysis shows that firm innovation is highly concentrated in larger cities, although 
not all megacities host disproportionately more innovative firms. Overall, a doubling of city size 
is associated with increases in firms’ propensity to introduce a product innovation, process 
innovation, and conduct R&D by 13.5%, 8.5%, and 14.3% against their respective benchmark 
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propensities, all else being equal. The implied percent increases in the propensities of firms to 
undertake innovation related activities are prominent given their moderate starting points in the 
countries studied. Furthermore, the relationship between city size and innovation propensities is 
found to be  robust and pervasive across developing Asia. Urban agglomeration effects are 
heterogenous across different subsamples defined in terms of development level or subregion, 
but the differences seem to be secondary.  

This paper’s findings also suggest that firms in cities with top universities are more likely to 
carry out innovation-related activities. In addition, across academic disciplines, the presence of 
top ranked engineering majors is especially closely linked with firm innovation. 

These results have some clear policy implications. First, in light of the importance of 
innovation to economic growth, policymakers in developing economies should be more 
welcoming of the growth of larger urban agglomerations than they often are.  In particular, calls 
for regionally balanced development and a belief that large cities have become too large can lead 
to policies that inadvertently undermine the potential benefits from larger urban agglomerations.  
Second, policies to improve the quality of universities and promote interactions between 
universities and local firms are likely to have high payoffs. Further, the results on the importance 
of high-quality engineering majors in enhancing the propensity to undertake innovation related 
activities is consistent with the findings of developed country studies emphasizing the role of 
STEM education in bolstering innovation.  Overall, setting up new universities or improving the 
quality of existing ones may be prioritized for those larger cities without a university (or a high-
quality one).       

The results also suggest several issues for future research.  First, an effort to establish 
causality would be clearly worthwhile, though it would most probably require adopting a 
country-specific approach given the need to find natural experiments that yield plausible 
instrumental variables.  Second, it would be useful to explore how other city characteristics, such 
as the quality of transport connectivity within and between cities, might affect the spatial 
distribution of process and product innovations.  Third, there are some differences across the 
results for product and product innovations. Not only do they have unequal baseline 
probabilities, they also respond to agglomeration differently across low and lower-middle 
income countries and upper-middle income countries. Similarly, the analysis on the quality of 
different academic disciplines suggests clear differences regarding their effect on propensities to 
innovate. These differences could be explored.  Finally, gaining in-depth understanding of the 
channels through which the co-location of universities and firms influences innovation in a 
developing country setting would be very worthwhile.  
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Figure 1. Natural Cities and Administratively Defined Cities 
 
(a) Chennai urban agglomeration and nearby 
towns (2011) vs. Chennai natural city (2010) 

(b) Dalian prefecture and its city proper vs. 
natural cities within Dalian prefecture (2010) 

Source: Authors’ analysis based on nighttime lights images from the National Oceanic and Atmospheric 
Administration, 2011 town boundary database for India from World Bank and database of Global Administrative 
Areas, version 3.6 from University of California, Berkeley. 
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Figure 2: Geographic Distribution of Natural Cities by Population Size 

 
Source: Authors’ analysis based on nighttime lights images from the National Oceanic and Atmospheric 
Administration and World Bank Enterprise Surveys 
 
Note: Each dot represents a natural city in our sample.  
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Figure 3: Shares of Innovative Firms versus Urban Population 

 
Source: Authors’ analysis based on firm data from World Bank Enterprise Survey and nighttime lights images from 
the National Oceanic and Atmospheric Administration.  
 
Note: This figure plots the share of natural city population in a country against the share of innovative firms in a 
country, alongside a dashed 45-degree line. Population share is measured as the population in each natural city over 
the total population in all sample natural cities. The same method applies for the share of innovative firms. In each 
innovation category, the cities with the most innovative firms in each country are shown. For China and India (left), 
the top 10 innovative cities are plotted. For other countries (right hand side), three cities are plotted if the number of 
cities is greater than 10, and one city is plotted otherwise.   

  

  

  

 

Shanghai

Beijing

Guangzhou

Hangzhou
Zhengzhou Mumbai

Chennai
Bangalore

Hyderabad

Kolkata

Delhi

0

5

10

15

20

25

0 5 10 15 20 25
Population Share

P
ro

d
u

ct
 In

n
o

va
tio

n
 S

h
a

re

Wuxi

ShanghaiSuzhou

Guangzhou

Hangzhou
Mumbai

Chennai

Bangalore

Hyderabad

Kolkata

Delhi

0

5

10

15

20

25

0 5 10 15 20 25
Population Share

P
ro

ce
ss

 In
n

o
va

tio
n

 S
h

a
re

Wuxi

Shanghai

Suzhou

Guangzhou

Hangzhou
Mumbai

Chennai

Bangalore

Hyderabad

Delhi

0

5

10

15

20

25

0 5 10 15 20 25
Population Share

R
&

D
 S

h
a

re



28 
 

 
Table 1: Summary Statistics of Firm and City Variables 

VARIABLES N Mean 
Standard 
Deviation 

Min Median Max 

Firm performance             
Product innovation 21,741 0.357 0.479 0 0 1 
Main market product innovation 21,741 0.205 0.403 0 0 1 
Process innovation 20,578 0.493 0.500 0 0 1 
Firm R&D 20,675 0.244 0.430 0 0 1 
Product or process innovation 21,119 0.563 0.496 0 1 1 
Firm characteristics             
Young firm 21,655 0.209 0.407 0 0 1 
Small firm 21,795 0.645 0.478 0 1 1 
FDI 21,857 0.061 0.239 0 0 1 
Manufacturing 21,857 0.657 0.475 0 1 1 
Headquarter dummy 21,857 0.413 0.492 0 0 1 
Share of skilled workers 21,857 0.348 0.327 0 0.313 1 
City characteristics             
Population (2010) 489 1.43e+06 3.33e+06 8,353 437,813 3.58e+07 
Log population (2010) 489 13.19 1.278 9.030 12.99 17.39 
Average precipitation (mm) 489 3.664 2.521 0.0973 2.887 12.38 
Max temperature 489 34.78 4.091 16.13 33.92 43.84 
Min temperature 489 9.381 11.21 -30.26 10.91 23.49 
Distance to port (km) 489 400.9 499.1 0.462 170.1 2,232 
Log distance to port 489 4.937 1.769 -0.773 5.137 7.711 
Terrain ruggedness index (m) 489 33.20 43.31 0 20.34 503.9 
With top Asian university 489 0.202 0.402 0 0 1 
With top arts & humanities major  489 0.039 0.193 0 0 1 
With top engineering major  489 0.063 0.244 0 0 1 
With top life sciences major  489 0.041 0.198 0 0 1 
With top natural sciences major  489 0.055 0.229 0 0 1 
With top social sciences & management major  489 0.047 0.212 0 0 1 
Source: Authors’ analysis based on firm data from World Bank Enterprise Survey, nighttime lights images 
from the National Oceanic and Atmospheric Administration, and university data from QS World University 
Rankings and Asia University Rankings.  
 
Note: FDI = foreign direct investment dummy, km = kilometer, log = logarithm, m = meter, max = 
maximum, min = minimum, mm = millimeter, R&D = research and development, SD = standard deviation. 
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Table 2. Herfindahl-Hirschman Index Raito 

Country 
Product innovation 

HHI ratio 
Process innovation 

HHI ratio 
Firm R&D HHI 

ratio 
Afghanistan 0.59 0.53 0.67 
Armenia 1.14 1.27 1.27 
Azerbaijan 0.97 1.13 - 
Bangladesh 1.36 1.47 1.66 
Bhutan 1.14 1.02 1.12 
Cambodia 1.2 1.2 1.19 
China 1.45 1.33 1.21 
Georgia 1.03 0.88 1.66 
India 3.11 2.68 4.12 
Indonesia 1.76 1.36 3.26 
Kazakhstan 1.59 1.21 3.09 
Kyrgyz Republic 2.12 2.15 1.89 
Lao PDR 0.94 0.84 0.87 
Malaysia 2.23 1.52 1.16 
Mongolia 1.26 1.22 0.96 
Myanmar 0.98 1.45 0.85 
Nepal 0.95 0.82 1.62 
Pakistan 1.17 1.17 1.32 
Papua New Guinea 0.85 1.02 1.14 
Philippines 0.87 0.84 0.75 
Tajikistan 1.03 0.99 0.89 
Thailand 0.59 0.39 0.78 
Uzbekistan 1.58 3.62 3.74 
Viet Nam 0.79 0.82 1.08 

Source: Authors’ analysis based on firm data from World Bank Enterprise Survey and nighttime lights images from 
the National Oceanic and Atmospheric Administration.  
 
Notes: The HHI ratio is the firm innovation HHI over the population HHI. It measures the degree of concentration of 
innovation activities relative to population. An HHI ratio higher than one indicates relative spatial concentration of 
firm innovation to population. City population HHI in country c is defined as 𝐻𝐻𝐼 = ∑ 𝑆 , where 𝑆  is the share of 
population in natural city 𝑖 in country 𝑐. The same method applies to city innovation HHI. For Azerbaijan, none of 
the surveyed firms reported R&D activity.  
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Table 3: Probit Estimation Results of Firm Innovation 
  (1) (2) (3) 

Variables 
Product 

Innovation 
Process 

Innovation 
Firm R&D 

log City Population (2010) 0.12*** 0.0929*** 0.101*** 
 (0.0254) (0.0215) (0.0246) 

Marginal effect 0.0425*** 0.0365*** 0.0279*** 
 (0.0091) (0.0084) (0.0066) 

Predicted probability 0.314*** 0.428*** 0.195*** 
 (0.0114) (0.0114) (0.0106) 

log Distance to Port (km) 0.108*** 0.159*** 0.0248 
 (0.0257) (0.0233) (0.0248) 

Average precipitation (mm) -0.124*** -0.117*** -0.0827** 
 (0.0295) (0.0286) (0.0349) 

Max temperature -0.0047 0.0389*** 0.0909*** 
 (0.0162) (0.0146) (0.0164) 

Min temperature 0.0318*** 0.03*** 0.0154* 
 (0.009) (0.0073) (0.0084) 

Terrain Ruggedness Index (m) 0.0015 0.0028** 0.0024** 
 (0.0011) (0.0011) (0.0011) 

Young firm 0.13 0.196*** 0.122* 
 (0.0893) (0.0654) (0.072) 

Small firm -0.214*** -0.524*** -0.408*** 
 (0.0633) (0.0596) (0.0603) 

FDI 0.329** 0.116 0.222* 
 (0.139) (0.133) (0.124) 

HQ dummy 0.322* -0.0961 0.0855 
 (0.176) (0.0946) (0.131) 

Share of skilled workers -0.0914 0.142 0.0442 
 (0.136) (.145) (0.139) 

Sector/Year/Country FE Yes Yes Yes 
Observations 21496 20374 20218 
No. of cities 489 483 480 
F statistic 21.82 33.42 25.48 
Source: Authors’ analysis based on firm data from World Bank Enterprise 
Survey and nighttime lights images from the National Oceanic and Atmospheric 
Administration.  
 
 
Notes: FDI = foreign direct investment, FE = fixed effect, km = kilometer, log = 
logarithm, m = meter, max = maximum, min = minimum, mm = millimeter, 
R&D = research and development. *** = p<0.01, ** = p<0.05, * = p<0.1. Robust 
standard errors clustered by country in parentheses. 
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Table 4: Robustness Checks 

  
Excluding cities with >10M 

population 
  

Excluding cities with <0.5M 
population 

  
Using other measures of firm 

innovation  
 (1) (2) (3)  (4) (5) (6)  (7) (8) 

Variables 
Product 

Innovation 
Process 

Innovation 
Firm 
R&D 

  
Product 

Innovation 
Process 

Innovation 
Firm 
R&D 

  
Main Product 

Innovation 
Firm 

Innovation 
log City Population 0.142*** 0.187*** 0.203***  0.16*** 0.093*** 0.061*  0.138*** 0.115*** 

 (0.0409) (0.0294) (0.0327)  (0.0329) (0.0294) (0.0336)  (0.0273) (0.0216) 
Marginal effect 0.0477*** 0.0732*** 0.0513***  0.058*** 0.0367*** 0.0179*  0.0301*** 0.0451*** 

 (0.0137) (0.0115) (0.0082)  (0.0120) (0.0116) (0.0097)  (0.0058) (0.0085) 
Predicted probability 0.28*** 0.421*** 0.17***  0.33*** 0.438*** 0.215***  0.136*** 0.575*** 

 (0.012) (0.0134) (0.0152)  (0.0125) (0.0123) (0.0116)  (0.0093) (0.0107) 
log Distance to Port (km) 0.106*** 0.125*** 0.0092  0.101*** 0.17*** 0.007  0.144*** 0.133*** 

 (0.028) (0.0262) (0.0264)  (0.0271) (0.0245) (0.026)  (0.0363) (0.0207) 
Average precipitation (mm) -0.0773** -0.0204 0.0993***  -0.145*** -0.116*** -0.0761**  -0.189*** -0.0928*** 

 (0.0348) (0.033) (0.0341)  (0.0324) (0.0327) (0.0378)  (0.0303) (0.0285) 
Max Temperature -0.0071 0.0286** 0.0849***  -0.0111 0.0515*** 0.116***  -0.04** 0.0687*** 

 (0.0158) (0.0141) (0.0147)  (0.0182) (0.0173) (0.0182)  (0.0156) (0.014) 
Min Temperature 0.0173* 0.0171** 0.0124  0.0334*** 0.0319*** 0.0165*  0.0541*** 0.0213*** 

 (0.0102) (0.0082) (0.0084)  (0.0097) (0.008) (0.0086)  (0.0107) (0.0073) 
Terrain Ruggedness Index (m) 0.0032*** 0.0033** 0.0029**  4.2e-04 0.0023* 0.0025*  0.0044*** 0.002* 

 (0.0012) (0.0013) (0.0011)  (0.0013) (0.0013) (0.0014)  (0.0015) (0.0011) 
Young firm -0.0876 0.0626 -0.0618  0.109 0.196*** 0.159**  0.161* 0.14** 

 (0.107) (0.0757) (0.0838)  (0.0916) (0.0695) (0.0762)  (0.0833) (0.0658) 
Small firm -0.27*** -0.455*** -0.454***  -0.215*** -0.542*** -0.396***  -0.307*** -0.373*** 

 (0.0663) (0.0731) (0.0709)  (0.0668) (0.0631) (0.0635)  (0.0639) (0.0607) 
FDI 0.157 0.327* 0.209  0.296** 0.118 0.211  -0.228 0.292** 

 (0.148) (0.171) (0.145)  (0.148) (0.142) (0.131)  (0.175) (0.126) 
HQ dummy 0.283 0.0514 0.23**  0.363** -0.0816 0.0891  -0.232** 0.254** 

 (0.195) (0.112) (0.108)  (0.182) (0.0974) (0.135)  (0.102) (0.107) 
Share of skilled workers -0.096 -0.151 -0.0374  -0.132 0.16 0.0819  -0.0286 0.362** 

 (0.16) (0.174) (0.182)  (0.146) (0.159) (0.149)  (0.144) (0.175) 
Sector/Year/Country FE Yes Yes Yes  Yes Yes Yes  Yes Yes 
Observations 15941 15092 14913  17845 16792 16638  18877 20897 
No. of cities 476 470 467  225 223 222  415 486 
F statistic 19.259 29.095 21.461   25.608 30.861 25.201   18.520 38.555 
Source: Authors’ analysis based on firm data from World Bank Enterprise Survey and nighttime lights images from the National Oceanic and 
Atmospheric Administration.  
 
Notes: FDI = foreign direct investment, FE = fixed effect, km = kilometer, log = logarithm, m = meter, M = million, max = maximum, min = 
minimum, mm = millimeter, R&D = research and development. *** = p<0.01, ** = p<0.05, * = p<0.1. Robust standard errors clustered by 
country in parentheses. Columns (1) to (3) are samples restricted to cities with <=10M population, and columns (4) to (6) are samples restricted 
to cities with >=0.5M population. Columns (7) and (8) use the full sample. 
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Table 5: Estimation Results by Country Income level 
  Low and Lower-middle Income   Upper-middle Income 

 (1) (2) (3)  (4) (5) (6) 

Variables 
Product 

Innovation 
Process 

Innovation 
Firm 
R&D 

  
Product 

Innovation 
Process 

Innovation 
Firm 
R&D 

log City Population 0.119*** 0.0496** 0.133***  0.109*** 0.116*** 0.0438 
 (0.0225) (0.0232) (0.0293)  (0.0397) (0.0362) (0.0397) 

Marginal effect 0.0378*** 0.0185** 0.028***  0.0405*** 0.0463*** 0.0149 
 (0.0071) (0.0086) (0.0055)  (0.0149) (0.0144) (0.0135) 

Predicted probability 0.251*** 0.36*** 0.129***  0.358*** 0.512*** 0.288*** 
 (0.0122) (0.014) (0.013)  (0.0154) (0.0162) (0.0156) 

Other controls Yes Yes Yes  Yes Yes Yes 
Sector/Year/Country FE Yes Yes Yes  Yes Yes Yes 
Observations 16332 16210 16290  5164 4164 3928 
No. of cities 345 344 344  144 139 136 
F statistic 17.472 25.993 20.350   21.434 24.954 19.333 
Source: Authors’ analysis based on firm data from World Bank Enterprise Survey and nighttime lights 
images from the National Oceanic and Atmospheric Administration.  
 
Notes: FE = fixed effect, log = logarithm, R&D = research and development. *** = p<0.01, ** = p<0.05, * 
= p<0.1. Robust standard errors clustered by country in parentheses. Columns (1), (2), and (3) are samples 
restricted to low income and lower-middle income countries, and columns (4), (5), and (6) are samples 
restricted upper-middle income countries. 

 
 

Table 6.  Estimation Results of Firm Innovation in China, India, and ASEAN countries 
  China   India   ASEAN 

 (1) (2) (3)  (4) (5) (6)  (7) (8) (9) 

Variables 
Product 

Innovatio
n 

Process 
Innovatio

n 

Firm 
R&D 

  
Product 

Innovation 
Process 

Innovation 
Firm R&D   

Product 
Innovation 

Process 
Innovation 

Firm 
R&D 

log City Population 0.114*** 0.151*** 0.0376  0.189*** 0.148*** 0.177***  0.148*** 0.05 0.0855* 
 (0.0396) (0.0368) (0.0415)  (0.0232) (0.0206) (0.0216)  (0.0467) (0.0445) (0.047) 

Marginal effect 0.0447*** 0.0591*** 0.0144  0.0739*** 0.0578*** 0.0598***  0.0229*** 0.0141 0.01* 
 (0.0156) (0.0146) (0.0158)  (0.0091) (0.008) (0.0075)  (0.0073) (0.0126) (0.0052) 

Predicted probability 0.43*** 0.581*** 0.386***  0.423*** 0.582*** 0.282***  0.0843*** 0.203*** 0.0586*** 
 (0.0173) (0.0172) (0.0161)  (0.0122) (0.0123) (0.012)  (0.0104) (0.0177) (0.0116) 

Other controls Yes Yes Yes  Yes Yes Yes  Yes Yes Yes 
Sector FE Yes Yes Yes  Yes Yes Yes  Yes Yes Yes 
Year/Country FE No No No  No No No  Yes Yes Yes 
Observations 2619 1640 1629  8067 8054 8050  5697 5618 5693 
No. of cities 74 69 68  207 207 207  124 123 123 
F statistic 4.744 19.380 12.293   18.973 37.288 34.549   12.519 10.588 7.763 
Source: Authors’ analysis based on firm data from World Bank Enterprise Survey and nighttime lights images from the National Oceanic and 
Atmospheric Administration.  
 
Notes: FE = fixed effect, log = logarithm, R&D = research and development, ASEAN = Association of Southeast Asian Nations.  
*** = p<0.01, ** = p<0.05, * = p<0.1. Robust standard errors clustered by sector and/or country in parentheses. Columns (1), (2), and (3), and (4), 
(5), and (6) are samples restricted to cities in China and India, respectively. Columns (7), (8), (9) are samples restricted to ASEAN countries (i.e., 
Cambodia, Indonesia, Lao PDR, Myanmar, Malaysia, Philippines, Thailand, and Viet Nam). 
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PUBLIC. This information is being disclosed to the public in accordance with ADB’s Access to Information Policy. 

Table 7. Distribution of Top Asian Universities by Country 

Country 
Number of top 

Asian universities  
Number of cities with top 

Asian universities 
City with the most top 

Asian universities 

Bangladesh 6 1 Dhaka (6) 

PRC 78 17 Beijing (20) 

India 64 43 Delhi (7) 

Indonesia 22 9 Bandung (5) 

Malaysia 25 10 Kuala Lumpur (14) 

Pakistan 22 5 Lahore (9) 

Philippines 6 2 Metro Manila (5) 

Thailand 18 7 Bangkok (12) 

Viet Nam 7 5 Ha Noi (2) 

Total  248 99   

Source: Authors’ analysis based on firm data from World Bank Enterprise Survey, nighttime lights images from the 
National Oceanic and Atmospheric Administration, and university data from QS World University Rankings.  

 
 
 

Table 8. Distribution of Top Asian Universities and Top Global Majors 
  
Number of universities 

China   India   Other countries   Total 

<=1M >1M Total   <=1M >1M Total   <=1M >1M Total   <=1M >1M Total 

Top Asian university  0 78 78  15 49 64  18 88 106  33 215 248 
University with top arts & humanities 
major 

0 17 17  0 5 5  1 12 13  1 34 35 

University with top engineering major 0 30 30  2 8 10  3 16 19  5 54 59 

University with top life sciences major 0 18 18  0 2 2  3 8 11  3 28 31 

University with top natural sciences major 0 28 28  2 9 11  1 7 8  3 44 47 
University with top social sciences & 
management major 

0 17 17  1 9 10  3 16 19  4 42 46 

Source: Authors’ analysis based on firm data from World Bank Enterprise Survey, nighttime lights images from the National Oceanic and 
Atmospheric Administration, and university data from QS World University Rankings and Asia University Rankings.  
 
Note: <=1M are natural cities with less than or equal to one million population. >1M are natural cities with greater than one million population.  
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Table 9. Estimation Results of Agglomeration Channels 
  (1) (2) (3) (4) (5) (6) 

Variables 
Product 

Innovation 
Process 

Innovation 
Firm R&D 

Product 
Innovation 

Process 
Innovation 

Firm R&D 

log City Population 0.0801** -0.0147 0.0405 0.0782** -0.0139 0.0445 
 (0.0332) (0.0305) (0.0347) (0.0331) (0.0305) (0.0347) 

Top Asian university  0.181** 0.465*** 0.263*** 0.0431 0.5*** 0.476*** 
 (0.0874) (0.0841) (0.0907) (0.11) (0.111) (0.116) 

Manufacturing  0.0472 0.093 0.0254 -0.157 0.129 0.238** 
 (0.0983) (0.108) (0.0971) (0.116) (0.12) (0.118) 

Manufacturing x Top Asian 
university 

   0.276** -0.0566 -0.31*** 
   (0.119) (0.109) (0.113) 

Other controls Yes Yes Yes Yes Yes Yes 
Year/Country FE Yes Yes Yes Yes Yes Yes 
Observations 21496 20374 20218 21496 20374 20218 
No. of cities 489 483 480 489 483 480 
F statistic 21.486 33.823 24.905 21.447 32.979 23.759 
Source: Authors’ analysis based on firm data from World Bank Enterprise Survey, nighttime lights 
images from the National Oceanic and Atmospheric Administration, and university data from QS 
World University Rankings.  
 
Notes: FE = fixed effect, log = logarithm, R&D = research and development. *** = p<0.01, ** = 
p<0.05, * = p<0.1. Robust standard errors clustered by country in parentheses.  
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Table 10. Estimation Results of Agglomeration Channels 
  (1) (2) (3) 

Variables 
Product 

Innovation 
Process 

Innovation 
Firm R&D 

log City Population 0.0643 0.0081 0.0332 
 (0.0404) (0.0315) (0.0378) 

Top Asian university  0.147 0.302*** 0.188* 
 (0.104) (0.0903) (0.104) 

Top arts & humanities major -0.68*** -0.68*** -0.548*** 
 (0.139) (0.137) (0.153) 

Top engineering major 0.652*** 0.338** 0.959*** 
 (0.159) (0.167) (0.166) 

Top life sciences major 0.149 0.408*** 0.635*** 
 (0.139) (0.148) (0.168) 

Top natural sciences major -0.298** 0.0685 -0.472*** 
 (0.132) (0.128) (0.141) 

Top social sciences & management major  0.224* 0.0374 -0.424*** 
 (0.131) (0.131) (0.11) 

Other controls Yes Yes Yes 
Sector/Year/Country FE Yes Yes Yes 
Observations 21496 20374 20218 
No. of Cities 489 483 480 
F statistic 20.246 31.173 23.079 
Source: Authors’ analysis based on firm data from World Bank Enterprise 
Survey, nighttime lights images from the National Oceanic and Atmospheric 
Administration, and university data from QS World University Rankings and Asia 
University Rankings.  
 
Notes: FE = fixed effect, log = logarithm, R&D = research and development. 
*** = p<0.01, ** = p<0.05, * = p<0.1. Robust standard errors clustered at country 
in parentheses. 
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Table A1: Matching between Geocoded Firms in the World Bank Enterprise Survey and 
Natural Cities 

Country 
Survey 
Year 

Total 
Number of 

Firms 

Number of 
Natural 
Cities 

Matched 

Number of 
Matched 

Firms 

Number of 
Unmatched 

Firms 

Matching 
Rate 

Afghanistan 2014 410 5 392 18 95.61% 

Armenia 2013 360 3 313 47 86.94% 

Azerbaijan 2013 390 2 249 141 63.85% 

Bangladesh 2013 1,442 11 1,345 97 93.27% 

Bhutan 2015 253 2 168 85 66.40% 

Cambodia 2016 373 3 163 210 43.70% 

China 2012 2,700 74 2,700 0 100.00% 

Georgia 2013 360 4 258 102 71.67% 

India 2014 9,281 207 8,100 1,181 87.28% 

Indonesia 2015 1,320 40 1,185 135 89.77% 

Kazakhstan 2013 600 20 547 53 91.17% 

Kyrgyzstan 2013 270 3 189 81 70.00% 

Laos 2016 368 3 232 136 63.04% 

Malaysia 2015 1,000 25 888 112 88.80% 

Mongolia 2013 360 3 144 216 40.00% 

Myanmar 2016 607 5 607 0 100.00% 

Nepal 2013 482 4 389 93 80.71% 

Pakistan 2013 341 11 334 7 97.95% 

Papua New Guinea 2015 65 2 64 1 98.46% 

Philippines 2015 1,335 11 1,234 101 92.43% 

Tajikistan 2013 359 4 280 79 77.99% 

Thailand 2016 1,000 20 660 340 66.00% 

Timor-Leste 2015 126 1 124 2 98.41% 

Uzbekistan 2013 390 9 364 26 93.33% 

Viet Nam 2015 996 17 928 68 93.17% 

Total   25,188 489 21,857 3,331 86.78% 

Source: Authors’ analysis based on firm data from World Bank Enterprise Survey and nighttime lights images from 
the National Oceanic and Atmospheric Administration.  
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Appendix 1. Zipf’s Law analysis using NTL-based natural cities and traditional city data in 
China and India 

 
Zipf’s law on city size states that the population of the Nth largest city in a given country is 

1/N times the population of the largest city. Testing data fit for Zipf’s law is considered a useful 
exercise to describe the distribution of urban population in a country. Recently, Rozenfeld et al. 
(2011) find cities built with a bottom-up algorithm using granular population distribution data fit 
Zipf’s law better than those defined by administrative or legal borders in the USA and UK.  

Studies examining the city size distribution in developing countries typically use official 
statistics, which are based on administratively-defined cities or extended areas encompassing large 
rural areas (e.g. Chauvin et al., 2017; Schaffar and Dimou, 2012; Soo, 2014; and Colmer, 2016). 
It is instructive to estimate Zips’ law with our natural city data and compare with estimates using 
conventional data. The analysis is performed using data on China and India, the two countries that 
contain a sufficiently large number of cities.1  

Specifically, the following regression equation is estimated: 

log 𝑟 −
1

2
= 𝛼 + 𝛽 log 𝑃𝑜𝑝 + 𝜀  

where 𝑟  is the rank and 𝑃𝑜𝑝  is the size of population of city 𝑖. The coefficient of city size, 𝛽, is 
equal to -1 if Zipf’s law holds. If the coefficient is less than -1 (absolute value greater than 1), it 
implies that small cities are too big and/or large cities are too small as compared to what Zipf’s 
law predicts, and vice versa.  

Figure A1 plots the raw data (black dots) and fitted Zipf’s law (red lines) with different data 
(left panels for administratively defined cities and right panels natural cities). Except the 
prefecture city proper in China, all samples contain cities both greater and smaller than 100,000 
in population. Thus, Zipf’s law is estimated with both full sample (solid line) and the subsample 
with population above 100,000. The estimation regressions are reported in the footnote of the 
figure. 

In the case of China, the two datasets produce distinct estimates. Using official statistics, the 
𝛽 is estimated at -1.26, significantly different from -1.0, with R2 equal to 0.92. The estimate 
suggests that the small cities are bigger and large cities are smaller than what Zipf’s law predicts, 
which probably arise, respectively, when the data leaves out other small cities and towns outside 
city proper (as in the case of Ningbo in Figure 1) and adjacent urbanized areas are not counted as 
part of the city proper. The results from natural cities depict a different picture. When all natural 
cities are considered, the 𝛽 is estimated at -0.79 implying that as of 2010 the urban system of 
China was characterized by a number of small cities and/or some mega cities. This deviation 
from the Zipf’s law turns out to be driven by the presence of small cities. When the focus is on 

 
1 Following the literature, administratively-defined cities are the prefecture city proper in the case of China (with their 2010 
population drawn from the City Statistical Yearbook of China), and town and urban agglomeration in the case of India (with their 
population drawn from Census 2011). An urban agglomeration consists of one or more contiguous towns and their adjoining 
outgrowths in India.  The term town also includes cities in this context.  
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natural cities with 100,000 or more population, the coefficient is virtually -1 and the goodness-
of-fit measured as R2 reaches 0.96. 

India’s administrative city data fits Zipf’s law quite well. The estimated 𝛽 is moderately 
above and below -1.0 for all cities and cities with population above 100,000, respectively. These 
patterns are consistent with what Colmer (2016) obtains, which uses similar city definitions 
based on census data up to 2001. The estimates using natural city data suggests slightly larger 
and one-way deviation from the Zipf’s law for both samples. With natural cities below 100,000 
dropped, the estimated coefficient of population is -0.92, implying that urban population is more 
concentrated in a few mega cities in India than what Zipf’s law would predict.     

In summary, results on how well Zipf’s law holds are mixed when comparing natural cities 
and administratively defined cities in China and India. However, as Duranton (2021) indicates, 
the degree of fit for Zipf’s law may not be used to validate a city definition even though it is an 
informative way to describe an urban system. Defining cities is a key challenge in studying 
cities. The natural city approach used here attempts to provide an alternative, spatially-consistent 
measurement and perspective on cities in Asia, which allows for meaningful comparison across 
countries.  
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Figure A1. City size distribution and fitted Zipf’s law in China and India 

 
Source: Authors’ analysis based on nighttime lights images from the National Oceanic and Atmospheric 
Administration.  
 
Note: (a) Solid line: log(ranking-1/2) = 22.0 – 1.259*log(population), N = 286, R2 = 0.919 
(b) Solid line: log(ranking-1/2) = 15.33 – 0.786*log(population), N = 678, R2 = 0.881 
Dash line: log(ranking-1/2) = 18.13 – 0.997*log(population), N = 542, R2 = 0.961 
(c) Solid line: log(ranking-1/2) = 16.69 – 0.914*log(population), N = 5,749, R2 = 0.988 
Dash line: log(ranking-1/2) = 18.23 – 1.046*log(population), N = 468, R2 = 0.99 
(d) Solid line: log(ranking-1/2) = 15.39 – 0.827*log(population), N = 320, R2 = 0.921 
Dash line: log(ranking-1/2) = 16.63 – 0.92*log(population), N = 295, R2 = 0.965 
 
 
 

  
 


